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Abstract 

Problem Statement: The SOLO model places responses provided by 
students on a certain level instead of placing students there themselves. 
SOLO taxonomy, including five sub-levels, is used for determining 
observed structures of learning outcomes in various disciplines and grade 
levels. On the other hand, the spatial orientation skill is the ability to 
visualize an object's view from a different perspective. A number of 
studies on examining preservice teachers' spatial abilities have been 
performed. In this study, elementary mathematics preservice teachers' 
spatial orientation skills as components of spatial skills were evaluated 
through the SOLO model in ways that are different from other researches. 

Purpose of the Study. The purpose of this study was to analyze the spatial 
orientation skills of elementary mathematics preservice teachers by using 
the SOLO model. In addition, responses of students who were at specified 
levels (low-middle-high) according to the Purdue Spatial Visualization 
Test scores were also classified. Preservice teachers' responses between 
different dimensions were also examined according to SOLO taxonomy. 

Method: The present research was a qualitative study and a case study 
method was employed. The sample of the study included junior 
elementary mathematics preservice teachers from a state university. 
Firstly, the Purdue Spatial Visualization Test was carried out with eighty- 
one students and then clinical interviews were conducted with six 
students according to three levels which were specified by looking at the 
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results of the test in this study. The students' answers were placed into a 
suitable SOLO level according to an evaluation scale by analyzing each of 
the eight questions used in the Geometrical Achievement Test prepared by 
the researchers. 

Findings: Elementary mathematics preservice teachers' responses in a 
geometrical achievement test relating to spatial orientation skills were 
generally on a multistructural level according to SOLO taxonomy. 
Whereas the responses of preservice teachers who were on the low and 
middle levels were mostly on a multistructural level, the responses of the 
students on the high level were on a relational level. In addition, the 
responses of preservice teachers from two-dimension to three-dimension 
were mostly on a relational level and the responses from three-dimension 
to two-dimension were mostly on a multistructural level. 

Conclusion and Recommendations: Results obtained indicated that preservice 
teachers were not generally successful at combining their information 
within a consistent structure in terms of spatial orientation skills. They 
could only evaluate situations which were independent from each other 
separately. Therefore, students had surface learning rather than deep 
learning. Obtained data can be evaluated with a different taxonomy and a 
comparison could be made between these two models in further studies. 

Keywords: SOLO taxonomy, spatial ability, clinical interview 


Introduction 

The SOLO Model has been developed by analyzing the Piaget's studies on the 
development theory in a detailed manner. The Model helps teachers by evaluating 
learning outcomes by testing understanding (Halloway, 2010). The SOLO Model can 
be used for evaluating students' cognitive knowledge (Biggs & Collis, 1991; Jurdak, 
1991; Lian & Idris, 2006). It is also used for determining observed structures of 
learning outcomes in various disciplines and grade levels (e.g., Pegg & Coady, 1993; 
Lam & Foong, 1996; Chick, 1998; Jones, Thornton, Langrall, Mooney, Perry, & Putt, 
2000; Groth & Bergner, 2006; Dudley & Baxter, 2009). SOLO taxonomy is also being 
used to define and interpret mathematical thinking skills of students and their 
understanding regarding specific concepts in mathematics (e.g., Pegg & Coady, 1993; 
Lam & Foong, 1996; Pegg & Davey, 1998; Jones, et al., 2000; Money, 2002; Groth, 
2002; Wongyai & Kamol, 2004; Lian & Idris, 2006). Therefore, SOLO taxonomy is a 
different way to evaluate students or preservice teachers' mathematical 
understanding and some skills. In addition, a number of different studies on the 
evaluation of preservice teachers' spatial skills have been performed (e.g., Unal, 2005; 
Baki & Guven, 2007; Yolcu, 2008; Dursun, 2010; Nagy-Kondor, 2014; Sezen Yuksel & 
Bulbul, 2014; Ozdemir & Goktepe Yildiz, 2015; Sezen Yuksel & Bulbul, 2015; Goktepe 
Yildiz, Goktepe Korpeoglu, & Korpeoglu, 2015). The aspect of this study that makes 
it different from other studies is evaluating their spatial skills through the SOLO 
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model. This is important because it is one of the first studies that includes both the 
SOLO model and spatial skills and will enlighten future studies. In addition, it is 
thought that this study may provide opportunities for preservice teachers to see and 
remove their deficiencies by having preservice teachers raise awareness for their own 
visual skills. 

Each thinking level stated in the SOLO model includes five sub-levels of 
response. These levels are also called "SOLO Taxonomy." These are prestructural, 
unistructural, multistructural, relational, and extended abstract levels. As the 
complexity of the responses increases, the level increases. In addition, as the level 
increases, skills such as making consistent explanations, creating relations, and 
thinking by considering more than one situation also increase. The information about 
SOLO taxonomy is as follows (Biggs & Collis, 1991; Celik, 2007): 

Prestructural Level: The answers of the students are not sufficient. The aspects of 
the problem which does not lead you to the solution frequently distract students' 
attention. The way that the students find a solution does not lead them to a correct 
solution and they take steps which are suitable to a phase in a lower level. 

Unistructural Level: The student focuses on the problem but uses only a 
relational data for the solution. The student cannot understand the value of the used 
data in whole and the relation of the data with others. Therefore, the answers of the 
student may not be consistent. 

Multistructural Level: The student uses multiple data which lead to a solution but 
cannot grasp the relation among those data. Therefore, some inconsistencies can be 
seen in the answers of the student. 

Relational Level: The student uses all of the data which leads to answers to 
problems and understands their value as a whole and the relation between them. The 
student constructs a consistent structure. 

Extended Abstract Level: The student thinks beyond the data used in the problem 
while reaching a solution and makes generalizations. The student can create new 
thinking styles. 

The basic difference between unistructural level and multistructural level is the 
use of multiple related data on a multistructural level. The student finds the solution 
by following certain steps on a multistructural level and makes operations such as 
defining and ranking the data. While passing from a multistructural level to a 
relational structure level, it is necessary to approach the data with a broader 
perspective after the data has been defined. After defining the data which help you to 
find a solution on a multistructural level, these data are put into a whole on a 
relational level. The student further extends generalizations that he finds in an 
extended abstract level and makes more advanced inferences (Pegg & Davey, 1998; 
Celik, 2007). Thus, passing from a relational level to an extended abstract level is the 
most difficult, but also the most desired part. 
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The student considers many things at the same time on relational structure and 
extended abstract structure levels and makes correlations between them. As a result, 
the student does not establish relationships on a unistructural level as he or she 
focuses on a single structure and there is no other direction. On a multistructural 
level, multiple data are used by the students but the student cannot make a 
correlation between these directions. A generalization is obtained in an extended 
abstract but this generalization is ahead of the current situation (Hattie & Brown, 

2004) . The relationships between SOLO levels can be summarized as mentioned 
above. 

On the other hand, spatial orientation skill is the ability to visualize an object's 
view from a different perspective (Contero, Naya, Compnay, Saorin, & Conesa, 

2005) . Strong and Smith (2002) gave such examples of spatial orientation as a 
swimmer who changes his direction when he dives but can determine his position 
when he turns or a pilot who knows his position when he maneuvers. 

It is necessary for teachers to be self-sufficient in visual-spatial areas to be able to 
develop their students' spatial aspects. In addition, it will be useful to know the level 
and geometrical background information of preservice teachers; this information is 
necessary for them to be successful in spatial geometry lessons. In conclusion, they 
will have opportunities to see and complete their deficiencies before starting their 
careers. 

In line with the above, the main aim of this study was to analyze the spatial 
orientation skills of elementary mathematics preservice teachers according to the 
SOLO model. The research question: "What is the level of elementary mathematics 
preservice teachers' spatial orientation skills according to SOLO taxonomy?" guided 
this study. The level of students' responses was at which specified level (low-middle- 
high) according to SOLO levels was also researched. In addition, their responses for 
the questions between different dimensions (from two dimensions to two 
dimensions, from two dimensions to three and from three dimensions to two and 
from three dimensions to three) were classified according to SOLO levels. 


Method 

Research Design 

A qualitative approach was used in the present research. A case study method 
was employed to analyze elementary mathematics preservice teachers' spatial 
orientation skills; this method allows searching in a selected subject in detail (Cohen, 
Manion, & Morrison, 2000). Since clinical interviews provide an opportunity to 
deeply analyze students' thinking processes (Guven, 2006), the spatial skills of 
preservice teachers were evaluated through clinical interviews. In addition, the 
descriptive analysis method was used in the phase of analyzing qualitative data. 
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Research Sample 

The sample of this research included junior preservice teachers who were 
enrolled in the Department of Elementary Mathematics Education in a state 
university in Turkey. Firstly, the Purdue Spatial Visualization Test (PSVT) was 
conducted with eighty-one preservice teachers and then clinical interviews were 
carried out with six preservice teachers. Purposeful sampling (Patton, 2002) was 
employed to select six interviewees. According to the Purdue Spatial Visualization 
Test scores, Merve and Taner were at the low level, Elif and Gamze in the middle 
level and Bilal and Emre were in the high level. Preservice teachers voluntarily 
participated in the research. The names used for the preservice teachers are their nick 
names. 

Research Instruments 

Data were collected through the Purdue Spatial Visualization Test (PSVT) and 
Geometrical Achievement Test prepared by the researchers. In addition, clinical 
interviews were conducted with students in light of the geometrical achievement test 
questions. 

Purdue Spatial Visualization Test (PSVT) 

The Purdue Spatial Visualization Test was used for the selection of students 
participating in clinical interviews. The test was created by Guay in 1977 and 
composed of three sections and 36 questions. There were 12 multiple choice 
questions in each section (Bodner & Guay, 1997). The sections were as follows: 
Developments, Rotations, and Views. One example for the questions used in the 
Purdue Spatial Visualization Test is as follows. 




wegot thisone 


a 




If we rotate this object in the same w ay. ho iv iv ill it be look 
like from the objects below? 


• CO 


c 




Figure 1. An example question in the Purdue Spatial Visualization Test 
Geometry Achievement Test 

The Geometry Achievement Test, which tests students' spatial orientation skills, 
was prepared by the researchers and was also used during clinical interviews. The 
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questions were organized in a way that requires moving in the dimensions 
themselves and between dimensions. The test consisted of eight problems. It was 
considered appropriate to conduct a pilot study for guiding the researchers before 
clinical interviews and for giving pre-information to them about how they would 
analyze and interpret the data. In accordance with the data obtained through the 
pilot study, an evaluation scale was created regarding how the problems were 
evaluated by giving examples to competencies which correspond to each level. The 
first and second questions in the test were testing preservice teachers' spatial 
orientation skills from two-dimension to two-dimension, the third and fourth 
questions were concerned with going from two-dimension to three-dimension, the 
fifth and sixth questions examined participants' skills from three-dimension to two- 
dimension, and the last two questions tested their spatial skills from three-dimension 
to three-dimension. The pilot study was carried out with sixty-six senior elementary 
mathematics preservice teachers. After conducting validity and reliability studies, the 
final version of the test was created. An example of the questions used in the 
Geometry Achievement Test is presented below: 


1 . 



^ 





y> 


1 





Draw the views of the figure giv en here according to 
► situations given below 
RIGHT 


FRONT 



Figure 2. An example question in the Geometry Achievement Test 

This problem required preservice teachers to think from three-dimension to two- 
dimension. This question was accepted as suitable for evaluating spatial orientation 
skills since spatial orientation was defined by McGee (1979) as not to confuse when 
different orientations of a spatial object were given. They were asked to transfer 
views of a three-dimensional figure which was made from unit cubes from three 
different aspects (front, right, and top) into a two-dimensional plane. 

While the responses provided for the above problem were analyzed with the 
evaluation scale according to SOLO taxonomy, the explanations stated for each level 
were as follows: 

In the prestructural level, the student cannot fully understand what is asked in 
the question. He cannot correctly draw the view of the object from any of the 
directions. In the unistructural level, the student understands what is asked in the 
question but is interested in only one aspect. For example, he transfers only one view 
of the three-dimensional object into a two-dimensional plane. In the multistructural 
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level, the student uses all of the directions given in the question. He draws all the 
views from the right, front and top for this question. However, he cannot predict 
whether or not to use the view of the other directions for drawing the view from one 
direction. He cannot provide consistent answers when it is asked whether or not 
there is a correlation between right-left, front-back and top-lower views of the 
figures. In the relational level, the student knows exactly what to do for the solution. 
He draws all of the views from all directions and knows how he can use different 
directions while drawing. He can make different correlations when it is asked 
whether or not there is a correlation between right-left, front-back and top-lower 
views of the figures. In the extended abstract level, the student does not have any 
difficulty in transferring three-dimensional objects into a two-dimensional plane. He 
completes his drawing quickly. He creates rules or makes correct generalizations for 
the relations between figures by making correlations between the different views of 
the figures. 

Clinical Interviews 

The clinical interviews were carried out using audio recorders at the seminar 
room of the school. Each interview lasted approximately 60 minutes. During the 
interviews, the students were asked to answer questions one by one; they were also 
asked to explain how they found the solutions in detail. The following additional 
questions were posed to students: "What kind of a generalization do you make about 
this question?" "How did you make this generalization?" and "What can be your 
conclusion as a result of the desired rotation move?" The spatial orientation skills of 
preservice teachers were attempted to be determined according to SOLO taxonomy, 
as well as by asking different questions to students in accordance with their 
responses to questions. 

Procedures 


The Implementation of Purdue Spatial Visualization Test 

V 

Selecting Students for the Clinical Interviews 

V 

Pilot Study for the Geometry Achievement Test 
Reliability' and Validity Studies 

4 ' 

Creating an Evaluation Scale 

4 _ 

Carrying out Clinical Interviews 

4 

Data Analysis 


Figure 3. The Flowchart showing the procedures 
Validity and Reliability 

In this study, the Purdue Spatial Visualization Test was conducted with eighty- 
one elementary mathematics preservice teachers and an alpha reliability co-efficient 
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was found to be 0.834 according to KR-20 reliability analysis. As stated by Kalayci 
(2010), the scale was highly reliable. 

Two different researchers evaluated the level of the preservice teachers' 
responses obtained via clinical interviews according to SOLO taxonomy. Inter-coder 
reliability was calculated with the formula determined by Miles and Huberman 
(1994). The researchers stated that reliable coding occurs in cases when this value is 
over 70. In this study, since this value was found to be approximately 96%, it was 
concluded that the scale, which was developed for this study in which spatial skills 
of the preservice teacher were analyzed according to the SOLO model was consistent 
and reliable. 

Data Analysis 

The data obtained are summarized and interpreted according to pre-determined 
categories in descriptive analysis. The purpose of this kind of analysis is to present 
collected data in an organized way to the readers and described systematically and 
overtly (Yildirim & Simsek, 2011). In cases when researchers put the students' 
responses into different SOLO levels, a consensus was reached after discussing the 
probable best solution for the suitable level; the response was then put into a suitable 
level. 


Results 

The levels of the students' responses regarding the spatial orientation skills 
according to SOLO taxonomy are given in this part. Firstly, the findings regarding 
forty-eight responses in total (to eight questions) which were stated by six students 
used in the geometry achievement test were included. The evaluations between 
dimensions are also presented. Finally, the levels of the responses are placed 
according to the levels of the students (low, middle, and high). 


Table 1. 

The Overall Evaluation of Preservice Teachers' Spatial Orientation Skills 


SOLO 

Levels 

Pre 

structural 

Unistructural 

Multistructural 

Relational 

Extended 

Abstract 

Number of 
Responses 

0 

10 

27 

11 

0 


In terms of spatial orientation skills, 27 of the preservice teachers' responses were 
on a multi-structural level, 11 of them were on a relational level, 10 of them on a 
unistructural level and there were not any responses on prestructural or extended 
abstract levels. 
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Table 2. 


The Level of2D-2D Spatial Orientation Skills of Preservice Teachers 


Students 

Question 1 

Question 2 

Merve 

Unistructural 

Multistructural 

Taner 

Unistructural 

Unistructural 

Elif 

Multistructural 

Multistructural 

Emre 

Unistructural 

Multistructural 

Bilal 

Relational 

Relational 

Gamze 

Unistructural 

Multistructural 


All of the responses of Taner showed features of a unistructural level, Elif's 
responses were at a multistructural level and Bilal's responses were on a relational 
level. Merve, Emre, and Gamze responded mostly on a multistructural level and on a 
unistructural level least often. There were not any responses which were suitable to 
the features of prestructural and extended abstract levels. When we analysed in 
general, the responses of elementary mathematics preservice teachers to the 
questions testing spatial orientation skills from two-dimension to two-dimension 
were mostly on a relational level and, least often, on a unistructural level. 


Table 3. 

The Overall Evaluation of2D-2D Spatial Orientation Skills 


SOLO 

Levels 

Pie 

structural 

Unistructural 

Multistructural 

Relational 

Extended 

Abstract 

Number 

of 

Responses 

0 

5 

5 

2 

0 


For the questions assessing 2D-2D Spatial orientation skills, five of the preservice 
teachers' responses were on a unistructural level, five of them on a multi-structural 
level, two of them on a relational level and there were not any individuals on 
prestructural and extended abstract levels. 


Table 4. 

The Level of2D-3D Spatial Orientation Skills of Preservice Teachers 


Students 

Question 3 

Question 4 

Merve 

Multistructural 

Multistructural 

Taner 

Relational 

Multistructural 

Elif 

Relational 

Relational 

Emre 

Unistructural 

Relational 

Bilal 

Relational 

Relational 

Gamze 

Unistructural 

Multistructural 
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All of the responses of Merve were on a multistructural level and all of the 
responses of Elif and Bilal were on a relational level. Taner responded to questions 
mostly on a relational level and, least often, on a multi-structural level. Most of the 
responses of Emre displayed relational level features and unistructural level features 
were displayed the least often. In Gamze's responses, multistructural level was seen 
most and unistructural level was seen least often. There were not any responses on 
prestructural and extended abstract levels. When we analysed in general, the 
responses of the elementary mathematics preservice teachers to the questions testing 
spatial orientation skills from two-dimension to three-dimension were mostly on a 
relational level and, least often on a unistructural level. 


Table 5. 

The Overall Evaluation of2D-3D Spatial Orientation Skills 


SOLO 

Levels 

Pie 

structural 

Unistructural 

Multistructural 

Relational 

Extended 

Abstract 

Number 

of 

Responses 

0 

2 

4 

6 

0 


For the questions assessing 2D-3D spatial orientation skills, two of the responses 
of preservice teachers was on a unistructural level, four of them were on a 
multistructural level, six of them were on a relational level and there were not any 
individuals on extended abstract and prestructural levels. 


Table 6. 

The Level of3D-2D Spatial Orientation Skills of Preservice Teachers 


Students 

Question 5 

Question 6 

Merve 

Relational 

Multistructural 

Taner 

Unistructural 

Multistructural 

Elif 

Multistructural 

Multistructural 

Emre 

Relational 

Multistructural 

Bilal 

Multistructural 

Multistructural 

Gamze 

Multistructural 

Multistructural 


Merve and Emre were mostly relational level and were least often on a 
multistructural level. All of the responses of Elif, Bilal and Gamze were on a 
multistructural level. The responses of Taner displayed mostly multi-structural 
features and unistructural features the least often. There were not any students in 
prestructural and extended abstract levels. When we analysed in general, the 
responses of the elementary mathematics preservice teachers to the questions testing 
spatial orientation skills from three-dimension to two-dimension were mostly on a 
relational level and least often on a unistructural level. 
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Table 7. 

The Overall Evaluation of3D-2D Spatial Orientation Skills 


SOLO 

Levels 

Pre 

structural 

Unistructural 

Multistructural 

Relational 

Extended 

Abstract 

Number 

of 

Responses 

0 

1 

9 

2 

0 


For the questions assessing 3D-2D spatial orientation skills, one of the responses 
of preservice teachers was on a unistructural level, nine of them were on a 
multistructural level, two of them on a relational level and there were not any 
individuals on extended abstract and prestructural levels. 

Table 8. 

The Level of3D-2D Spatial Orientation Skills of Preservice Teachers 

Students Question 7 Question 8 


Merve 

Multistructural 

Multistructural 

Taner 

Multistructural 

Multistructural 

Elif 

Unistructural 

Unistructural 

Emre 

Multistructural 

Multistructural 

Bilal 

Multistructural 

Multistructural 

Gamze 

Relational 

Multistructural 


While all of the responses of Merve, Taner, Emre, and Bilal displayed 
multistructural features, all of the responses of Elif displayed unistructural level. 
Gamze's responses displayed mostly relational features and multistructural features 
least often. There were not any students on prestructural and extended abstract 
levels. When we analysed in general, the responses coming from the elementary 
mathematics preservice teachers to the questions testing spatial orientation skills 
from three-dimension to three-dimension were mostly on a relational level and on a 
unistructural level least often. 


Table 9. 

The Overall Evaluation of3D-3D Spatial Orientation Skills 


SOLO 

Levels 

Pre 

structural 

Unistructural 

Multistructural 

Relational 

Extended 

Abstract 

Number 

of 

Responses 

0 

2 

9 

1 

0 


For the questions assessing 3D-3D spatial orientation skills, two of the preservice 
teachers' responses were on a unistructural level, nine of them were on a multi¬ 
structural level, one of them was on a relational level and there were not any 
individuals on extended abstract structure and pre-structural levels. 
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Table 10. 

The Evaluation of Preservice Teachers' Spatial Orientation Skills according to their Levels 




2D-2D 


2D-3D 


3D-2D 


3D-3D 


Low 

Merve 

US 

MS 

MS 

MS 

R 

MS 

MS 

MS 


Taner 

US 

US 

R 

MS 

US 

MS 

MS 

MS 

Middle 

Elif 

MS 

MS 

R 

R 

MS 

MS 

US 

US 


Gamze 

US 

MS 

US 

MS 

MS 

MS 

R 

MS 

High 

Bilal 

R 

R 

R 

R 

MS 

MS 

MS 

MS 


Emre 

US 

MS 

US 

R 

R 

MS 

MS 

MS 


US: Unistructural 
MS: Multistructural 
R: Relational 


Merve, who was on the low level according to the Purdue Spatial Visualization 
Test, gave responses on a multistructural level mostly and on a unistructural level 
least often to the questions requiring thinking from two dimension to two dimension. 
The responses of Taner who was at the same level to these questions were on a 
unistructural level. Finally, low level students' responses to the 2D-2D questions 
were mostly on a unistructural level. While Merve was on a multistructural level for 
questions requiring thinking from two-dimension to three-dimension, Taner was on 
a relational level mostly and on a multistructural level least often. In questions 
requiring a passing between these two dimensions, preservice teachers who were on 
a low level were on the multistructural level. In questions requiring passing from 
three-dimension to two-dimension, while Merve was least often on a multistructural 
level, she was mostly on a relational level. Taner was on a unistructural level least 
often and on a multistructural level mostly. The responses that they provided for 
these questions between these dimensions were mostly on multistructural level. In 
questions requiring passing from three-dimension to three-dimension, both Merve 
and Taner were on a multistructural level for these four questions. 

Elif, who was on the middle level according to the Purdue Spatial Visualization 
Test, responded on a multistructural level for the questions requiring thinking from 
two dimension to two dimension; however, Gamze responded on a multistructural 
level the most and a unistructural level least often. In conclusion in this dimension, 
the responses of students who have low level spatial visualization skills were on a 
multistructural level. In questions requiring thinking from two-dimension to three- 
dimension, while Elif was in the relational level, Gamze was on a unistructural level 
least often and on a multistructural level most often. In questions requiring passing 
between these two dimensions, middle level preservice teachers were generally on a 
relational level. The responses provided by Elif and Gamze for all the questions 
requiring passing from three-dimension to two-dimension were on a multistructural 
level. For the questions requiring passing from three-dimension to three-dimension 
while Elif responded according to unistructural level, Taner responded according to 
a multi-structural level least often and a relational level most often. Therefore, most 
of their responses were on a unistructural level. 
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Bilal, who was on the high level according to the Purdue Spatial Visualization 
Test, responded on a relational level for the questions requiring thinking from two 
dimension to two dimension but Emre who was at the same level responded on a 
multistructural level most often and a unistructural level least often. In conclusion, 
most of the responses of the students on a high level were on a relational level. In 
questions requiring thinking from two-dimension to three-dimension, Bilal was on a 
relational level for all questions, Emre was on a unistructural level least often and a 
relational level most often. In questions requiring passing from three-dimension to 
two-dimension, Bilal was on a multistructural level least often and a relational level 
most often. Emre was on a relational level for both questions. When we looked at the 
responses to these questions requiring passing between two dimensions, it was seen 
that they were mostly on a multistructural level. In questions requiring passing from 
three-dimension to three-dimension, both Merve and Taner were on a 
multistructural level for all four of these questions. 


Discussion and Conclusions 

Elementary mathematics preservice teachers were mostly on a multistructural 
level in terms of spatial orientation skills, which is one of the components of spatial 
skills. With the help of this information, it was seen that preservice teachers were not 
successful at combining their information within a consistent structure in terms of 
spatial orientation concepts. They could only evaluate situations which were 
independent from each other separately (Celik, 2007). 

It was concluded that the responses of students for the questions assessing spatial 
orientation skills from two-dimension to two-dimension were generally on 
unistructural and multistructural levels. The responses of preservice teachers from 
two-dimension to three-dimension were mostly on a relational level. The responses 
of preservice teachers for the questions assessing spatial orientation skills from three- 
dimension to two-dimension were mostly on a multi-structural level. When 
tridimensionality was added to the questions, there was a decrease in the levels of 
responses. This is an expected result because the abstraction level and the difficulty 
of questions have been increasing. While the levels determined for the questions 
requiring thinking from two-dimension to two-dimension differed from the levels in 
the studies carried out by Groth and Bergner (2006), Lian and Idris (2006), and Celik 
(2007) as they were in an upper level, similar results were obtained from the 
problems between the other dimensions. 

The responses of preservice teachers who were in the low and middle levels were 
mostly on a multistructural level; they had superficial learning rather than in-depth 
learning (Hattie & Brown, 2004). Also, preservice teachers tried to use more data in 
solving problems. The responses of students who were on the high level according to 
the Purdue Spatial Visualization Test were on a relational level for questions 
requiring thinking from two-dimension to two-dimension and from two-dimension 
to three-dimension. They performed what was asked of them by correlating given 
concepts regarding spatial orientation skills. For example, they were able to draw an 
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object after its right, top, and front view had been given to them by visualizing; they 
could also create correlations between their views from different directions. The 
displayed relational level's features by predicting the fact that one figure's right view 
and left view are symmetrical to each other. The highest level in transforming 
between dimensions in terms of spatial orientation skills belongs to this part. When 
we looked at the responses that they provided for the questions requiring thinking 
from three-dimension to two-dimension and three-dimension to three-dimension, it 
was seen that they were generally on a multistructural level. Therefore, the level of 
responses decreased when tridimensionality was added. With the help of this 
information, it was concluded that pre-service teachers who were on a high level 
could generally be on a multistructural level or relational level. In the SOLO model, 
as was advocated by Biggs and Collis (1991), we can see that we cannot place 
students into one level. One level could not be determined for these students; 
however, it was shown that they were in a more advanced level as it was expected 
for them to be in the half relational level. When we examined the studies of the SOLO 
model, although the subjects were different, the findings obtained from the studies of 
Groth and Bergner (2006), Lian and Idris (2006) and Celik (2007) showed that the 
participants stayed under the relational level; but in this study, the responses of 
preservice teachers who had high level spatial visualization skills also displayed the 
features of a relational level. With this side, this study had an aspect which was 
different from the other studies. This was an important result on behalf of having 
quality education that preservice teachers' SOLO levels were slightly above middle 
level. 

The data obtained in this study were analyzed according to thinking levels of the 
SOLO model. The same data can be evaluated with a different taxonomy and a 
comparison can be made between these two models, so that the subject was 
considered with a different perspective. In this way, additions can be made if there 
are any missing or overlooked points. SOLO model can be suggested to researchers 
who would like to use an alternative model as the model classifies the responses 
given in the current situation by the students instead of placing students into classes 
individually. 

For the research, eight questions were asked and the responses of the students 
classified according to the levels. In addition, an evaluation was made by asking two 
questions from each of the dimensions (from two-dimension to two-dimension, from 
two-dimension to three-dimension, three-dimension to two-dimension, three- 
dimension to three-dimension). In this study, since the clinical interview method 
was used, though the number of the questions was less, more specific results can be 
obtained by increasing the number of questions at the spatial skill components of the 
students and specified dimensions. In another method, Celik (2007) preferred to 
make a more sensitive evaluation by adding weak or strong to the response levels of 
the students in their studies. While determining the competencies for each level, 
features expected during weak and strong situations can be added. 

The study was carried out with six elementary mathematics preservice teachers. 
There can be more students or preservice teachers from different majors or teachers 
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who are in the in-service teacher training courses. Later on, the collected data can be 

compared so that contributions can be made to improve the current study. 
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ilkogretim Matematik Ogretmen Adaylarmin Uzamsal Yonelim 
Becerilerinin SOLO Modeli ile Incelemesi 


Afaf: 
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preservice teachers' spatial orientation skills with SOLO model. Eurasian 
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Ozet 

Problem Durumu: SOLO modeli Piaget'in geli§im teorisi tizerine yaptigi gali§malar 
ayrmtili bir §ekilde incelenerek geli§tirilmi§ olup, model ogrencilerin kendilerini bir 
seviyeye yerle§tirmek yerine problemlere verdikleri cevaplan bir seviyeye 
yerle§tirmektedir. Ayrica farkli simf seviyelerinde ve farkli disiplinlerde ogrenme 
giktilarmm gozlemlenen yapilarmi belirlemeye yardimci olmaktadir. Benzer §ekilde 
SOLO taksonomisi matematikte de ogrencilerin belli kavramlarla ilgili anlamalarmi 
ve matematiksel dti§tinme becerilerini tanimlamak ve yorumlamak igin 
kullamlmaktadir. SOLO modelinde yer alan her bir dti§iinme evresi be§ alt seviyeyi 
igermektedir. Brmlar yapi oncesi, Tek yonlii Yapi, (/ok Yonlii Yapi, Ili§kisel yapi ve 
Geni§letilmi§ Soyut yapi seviyeleridir. Cevaplarm karma§ikligi arttikga seviye 
yilkselmektedir. Diger taraftan uzamsal yetenegin bir bile§eni olan uzamsal yonelim 
becerisi ise bir cismin goriinttistinii ba§ka bir agidan zihinde canlandirabilme 
becerisidir. Literattirde ogretmen adaylarmin uzamsal yeteneklerini ge§itli §ekillerde 
inceleyen gali§malar bulunmaktadir. Bununla birlikte ogretmen adaylarmin uzay 
geometri derslerinde ogrenme-ogretme siireglerinde ba§arili olabilmeleri igin gerekli 
geometrik alt yapilarmm ve seviyelerinin ne oldugunu bilmek faydali olacaktir. 
Boylelikle ogretmen adaylari meslege ba§lamadan once eksiklerini gorme ve 
tamamlama imkani bulacaklardir. Bu gali§ma da ise diger gali§malardan farkli olarak 
ilkogretim matematik ogretmen adaylarmin uzamsal yonelim becerileri SOLO 
Modeli araciligiyla incelenmi§tir. 

Ara§tirmamn Amaci: (/ah§manm temel amaci ilkogretim matematik ogretmen 
adaylarmin uzamsal yonelim becerilerini SOLO modeline gore incelemektir. Bu 
amagla "ilkogretim matematik ogretmen adaylarmin uzamsal yonelim becerileri 
SOLO Taksonomisine gore hangi seviyelerde yer almaktadir?" problemine cevap 
aranmi§tir. Ayrica ogrencilerin cevaplarmm Purdue Uzamsal Gorselle§tirme 
Testinde belirlenen seviyelerine gore (dii§uk-orta-yuksek) hangi SOLO diizeylerinde 
yer aldigi ara§tirilmi§tir. ilaveten ogretmen adaylarmin farkli boyutlar arasmdaki (iki 
boyuttan iki boyuta, iki boyuttan tig boyuta, tig boyuttan iki boyuta, tig boyuttan tig 
boyuta) sorulara verdikleri cevaplar da SOLO dtizeylerine gore smiflandirilmi§tir. 

Ara$tirmanin Yontemi: ilkogretim matematik ogretmen adaylarmin uzamsal yonelim 
becerilerini inceleyen bu gali§ma nitel bir ara§tirmadir. Segilen bir konunun 
derinlemesine ayrmtili bir §ekilde ara§tirilmasma olanak veren durum gali§masi 
yontem olarak belirlenmi§tir. (/ah§maya bir devlet tiniversitesinde ilkogretim 
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matematik ogretmenligi programinm tigtincti simfmda ogrenim goren ogretmen 
adaylari katilmi§tir. Oncelikle seksen bir ogretmen adayma Purdue Uzamsal 
Gorselle§tirme (PUGT) testi uygulanmi§ ve sonrasmda bu teste gore tig farkli 
seviyede segilen toplam alti ogretmen adayiyla klinik mtilakatlar gergekle§tirilmi§tir. 
Klinik mtilakatlarda kullamlmak tizere ogrencilerin uzamsal yonelim becerilerini 
farkli boyutlar arasmda olgen "Geometri Ba§ari Testi" ara§tirmacilar tarafmdan 
hazirlannu§tir. Ogrencilerin cevaplari pilot gali§ma sonrasmda olu§turulan 
degerlendirme olgegine gore uygun SOLO seviyelerine yerle§tirilmi§tir. Klinik 
mtilakatlar ile nitel olarak elde edilen verilerin analizinde betimsel analiz yapilmi§tir. 
Geometri Ba§ari testinde yer alan sekiz soruya alti ogrencinin verdigi toplam kirk 
sekiz cevap degerlendirilmi§tir. 

Aragtirmanin Bulgulan: ilkogretim matematik ogretmen adaylari uzamsal yetenegin 
bile§enlerinden biri olan uzamsal yonelim becerileri agismdan agirlikli olarak £ok 
Yonlii Yapi seviyesindedir. iki boyuttan iki boyuta, iki boyuttan tig boyuta, tig 
boyuttan iki boyuta ve tig boyuttan tig boyuta uzamsal yonelim becerilerini olgen 
sorulara ilkogretim matematik ogretmen adaylarmdan gelen cevaplar en fazla 
Ili§kisel yapi seviyesinde en az da Tek Yonlti Yapi seviyesinde yer almaktadir. 
Uzamsal gorselle§tirme testine gore dti§tik ve orta seviyede olan ogrencilerin 
cevaplari gogunlukla (Jok Yonlti Yapi seviyesinde iken ytiksek seviyedeki 
ogrencilerin cevaplari Ili§kisel yapi seviyesindedir. Ara§tirmadan elde edilen diger 
bulgulardan bazilari §unlardir: Uzamsal yonelim becerilerinde Purdue Uzamsal 
Gorselle§tirme testine gore ytiksek diizeyde yer alan ogrencilerin cevaplari iki 
boyuttan iki boyuta ve iki boyuttan tig boyuta dti§tinme gerektiren sorularda ili§kisel 
yapi seviyesindedir. £ali§maya katilan ttim ogrencilerin tig boyuttan iki boyuta ve tig 
boyuttan tig boyuta gegi§i gerektiren sorulara verdikleri cevaplara bakildigmda ise 
genel olarak Qik Yonlti Yapi seviyesinde olduklan gortilmektedir. Iki boyuttan tig 
boyuta dti§tinmeyi gerektiren sorulara ogretmen adaylarmin verdikleri cevaplar 
gogunlukla Ili§kisel yapi seviyesinde iken, tig boyuttan tig boyuta dti§tinmeyi 
gerektiren sorularda cevaplarm seviyesi C^ok Yonlti Yapi §eklindedir. 

Ara$tirmanin Sonuglari ve Onerileri: ilkogretim matematik ogretmen adaylari SOLO 
taksonomisine gore genel olarak (Jok Yonlti Yapi seviyesinde olduklarmdan, 
ogretmen adaylarmin uzamsal yonelimin iligkili kavramlari agismdan sahip 
olduklan bilgileri tutarli bir yapi igerisinde birle§tirmede ba§arili olamadiklari 
gortilmektedir, sadece birbirinden bagimsiz durumlari ayri ayri 
degerlendirebilmektedirler. Dti§tik ve orta seviyedeki ogretmen adaylarmin 
cevaplari gogunlukla (^ok Yonlti Yapi seviyesinde yer almaktadir dolayisiyla 
derinlemesine degil daha gok ytizeysel kalan bir ogrenmeye sahiptirler ayrica 
ogretmen adaylari problemlerin goztimtinde birden fazla veriyi kullanmaya 
gali§mi§tir. Elde edilen bulgulara gore sorulardaki tig boyutluluk seviyesi arttikga 
ogrencilerin verdikleri cevaplarm SOLO taksonomisine gore seviyeleri dti§mektedir. 
Farkli gali§malarda daha gok ogrenci ile ya da daha farkli bran§lardaki ogretmen 
adaylariyla ya da hizmet iginde yer alan ogretmenlerle gali§ilabilir. ileriki gali§malar 
igin oneri olarak elde edilen veriler farkli bir taksonomi ile degerlendirilebilir ve 
SOLO taksonomisi ile kar§ila§tirmasi yapilabilir. Boylelikle gali§ma farkli bir baki§ 
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agisiyla da ele almmi§ olur, eksik kalan, gozden kagmlan yonler varsa eklemeler 
yapilabilir. Alternatif bir degerlendirme yontemi kullanmak isteyen ara§tirmacilar 
SOLO modelini kullanabilirler. 

Anahtar Sozcukler: SOLO taksonomisi, uzamsal yetenek, klinik mtilakat 



